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Background: The relationship between increased blood eosinophils (EOS) and the prognosis of patients with chronic obstructive 
pulmonary disease (COPD) remains controversial. We aimed to explore the stability of blood eosinophils in patients with multiple 
hospitalizations for acute exacerbations of chronic obstructive pulmonary disease (AECOPD) over a 1-year period and its relationship 
with readmission rates and mortality.
Methods: Prospectively include patients with at least 2 hospitalizations for AECOPD in 1 year between June 2019 and 
December 2021. Using 150 cells/ul as the cut-off value, the study population was divided into EOS, non-EOS, and fluctuating groups 
based on the longitudinal stability of blood EOS. The relationship between blood EOS and readmission rate and mortality was 
analyzed according to the 6-month follow-up after hospital discharge.
Results: A total of 202 patients were included. 48, 108, and 46 patients were in the EOS, non-EOS, and fluctuating groups, 
respectively. The stability of blood EOS at 1 year was 77.2%. The risk of death was lower in the EOS group compared to the non- 
EOS group (HR=0.323, 95% CI 0.113–0.930, P =0.036). The risk of readmission was lower in both the EOS group (HR=0.486, 95% 
CI 0.256–0.923, P =0.027) and the non-EOS group (HR=0.575, 95% CI 0.347–0.954, P = 0.032) than in the fluctuating group.
Conclusion: The blood EOS of COPD patients is relatively stable over 1 year. Patients with consistently high blood EOS had a lower 
risk of all-cause mortality after discharge; patients with fluctuating blood EOS had a higher risk of readmission.
Keywords: chronic obstructive pulmonary disease, acute exacerbation, blood eosinophils

Introduction
Chronic obstructive pulmonary disease (COPD) is a highly heterogeneous disease, and COPD patients with different 
phenotypes differ in terms of response to treatment and prognosis. Therefore, it is important to use biomarkers to identify 
specific phenotypes of COPD for personalized management and thus improve patient prognosis.1

Some patients with COPD have asthma-like features, such as significant bronchodilator reversibility, blood 
eosinophilia, and/or atopy. Suzuki et al showed that the presence of asthma-like features was associated with 
better clinical course in COPD patients under appropriate treatment.2 Among these, blood eosinophils (EOS) is 
used as a biomarker to assess the responsiveness of COPD patients to corticosteroids. Moreover, blood EOS 
seems to correlate with the prognosis of COPD.3–5 However, the stability of blood EOS is controversial due to its 
vulnerability to many factors.6,7 In addition, the results of studies related to the relationship between the stability 
of blood EOS and the prognosis of COPD patients are divergent due to the different threshold values used in 
different domestic and international studies and the different types of patients included (eg, stable and acute 
exacerbation). The results of a study showed that in patients with stable COPD, a sustained blood EOS of ≥300 
cells/ul was not a risk factor for COPD progression. Also, patients with sustained blood EOS ≥300 cells/ul had 
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low mortality.8 The results of another study showed a high risk of readmission in patients with acute exacerbation 
COPD with a sustained blood EOS of ≥300 cells/ul.9

Therefore, we evaluated the stability of blood EOS in patients hospitalized for acute exacerbations of COPD at least 2 
times within 1 year and analyzed the relationship between blood EOS and all-cause mortality and readmission rates 
within 6 months of patient discharge.

Method
Patients
Inpatients who were admitted to the Department of Respiratory and Critical Care Medicine of the Second People’s 
Hospital of Anhui Province due to acute exacerbation of COPD at least 2 times within 1 year from June 2019 to 
December 2021 were included as study subjects. This study is prospective and conforms to the Declaration of Helsinki 
guidelines. The Ethics Committee of the Anhui No.2 Provincial People’s Hospital approved the experimental protocols. 
All participants provided informed consent.

Inclusion and Exclusion Criteria
Inclusion criteria (1) age ≥ 40 years; (2) meeting the diagnostic criteria for acute exacerbation of chronic obstructive 
pulmonary disease (2019 GOLD guidelines).10

Exclusion criteria: (1) combination of bronchial asthma, increased EOS, allergic diseases, parasitic infections, 
and other diseases that can cause increased EOS; (2) combination of severe cardiac, hepatic, and renal diseases; 
(3) maintained by OCS for a long time or had used oral or intravenous corticosteroids 48 hours before admission.

Data Collection
1. General information and laboratory data: Medical history information provided at the admission of the study 

subjects was collected, including gender, age, comorbidities, mMRC classification, duration of disease, history of 
hospital admission in the previous year, and history of inhaled drugs. Peripheral blood EOS counts within 24 hours 
of admission were collected from the study subjects.

2. Grouping: All study subjects underwent measurements of blood EOS counts at least 2 times within 1 year of the 
measurement interval. According to the blood EOS count, 150 cells/ul was used as the cut-off value, and the study 
subjects were divided into the EOS group (≥150 cells/ul), non-EOS group (<150 cells/ul), and fluctuating group 
(fluctuating between ≥150 cells/ul and <150 cells/ul).

3. Follow-up: Patients or patients’ families were followed up by telephone to obtain information on whether patients 
were readmitted, time of readmission, and time of death within 6 months of discharge.

Statistical Analysis
IBM SPSS 24.0 was used for data analysis. Count data were expressed as frequencies and percentages (n, %), and 
rates were compared using the χ²-test. Measures that did not conform to normal distribution were expressed as 
median and interquartile spacing. Means of two groups of indicators with uneven variance and non-normal 
distribution were compared by Mann Whitney U nonparametric test. Kaplan Meier survival curves were used to 
analyze the correlation of different subgroups with all-cause mortality and readmission within 6 months after 
discharge. The association between blood EOS and the risk of death and readmission within 6 months after 
discharge was assessed using COX regression model analysis. In the COX regression model, adjustments were 
made for potential confounders, such as age and history of acute exacerbation in the previous year. P < 0.05 was 
considered a statistically significant difference.

Results
A total of 208 patients were enrolled, and 6 patients were excluded due to loss of follow-up. 202 patients were 
finally included in the study, 48, 108, and 46 in the EOS, non-EOS, and fluctuating groups, respectively. The 
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stability of blood EOS over 1 year in patients with AECOPD was 77.2%. There were no statistically significant 
differences between the groups in terms of gender, age, comorbidities, mMRC classification, disease duration, 
history of hospital admission in the previous year, history of inhaled drugs, and acute comorbidities of congestive 
heart failure, cardiovascular disease, and cerebrovascular (P > 0.05). There were more cases of the EOS 
combination with type 2 diabetes compared with the non-EOS group, and the difference was statistically 
significant (P = 0.04), as shown in Table 1.

During the follow-up time within six months of discharge, there were 34 deaths (16.8%) and 97 readmissions 
(48.0%) within 6 months of discharge. The number of deaths in the EOS, non-EOS, and fluctuating groups were 
4, 25, and 5, respectively. Among them, there were fewer post-discharge deaths in the EOS group compared with 
the non-EOS group (P = 0.028), and the difference was statistically significant. Multiple-adjusted COX regression 
analysis showed that the EOS group was associated with a lower risk of mortality (HR=0.323, 95% CI 0.113– 
0.930, P =0.036). 15, 38, and 26 readmissions were recorded in the EOS, non-EOS, and fluctuating groups, 
respectively, with the fluctuating group having the highest number of readmissions. There were more readmissions 
after discharge in the fluctuating group compared with the non-EOS group (P = 0.032). Multiple-adjusted COX 
regression analysis showed that the fluctuating group was associated with higher risk readmission rates (HR = 
0.575, 95% CI 0.347–0.954, P = 0.032). There were more readmissions after discharge in the fluctuating group 
compared with the EOS group (P = 0.021), and multiple-adjusted COX regression analysis showed that the 
fluctuating group also showed an association with high-risk wind readmission rates (HR = 0.486, 95% CI 0.256– 
0.923, P = 0.027). As shown in Table 2.

Table 1 Characteristics of Patients

Non-EOS 
Group (n=108)

Fluctuating 
Group (n=46)

EOS Group 
(n=48)

P-value

Male, n (%) 86(79.6) 42(91.3) 42(87.5) 0.148

Age (years) 76.5±8.8 77.3±9.8 76.5±8.8 0.585
Comorbidities
Heart failure, n (%) 54(50) 21(45.7) 21(43.8) 0.739

Coronary heart disease, n (%) 32(29.6) 14(30.4) 18(37.5) 0.608
Type 2 diabetes, n (%) 10(9.3) 5(10.8) 13(27.1)a 0.010

Cerebrovascular disease, n (%) 40(37) 15(32.6) 18(37.5) 0.850

mMRC≥2, (n,%) 98(90.7) 43(93.5) 44(91.7) 0.855
History of hospital admission in the 
previous year, (n, %)

48(44) 19(41.3) 18(37.5) 0.715

Course of disease (year) 10(8–20) 10(8–12.8) 10(5.3–20) 0.735
Inhaled medications
LAMA or LABA+LAMA 9(8.3) 3(6.5) 5(10.4) 0.793

ICS+LABA 59(54.6) 18(39.1) 26(54.2) 0.187
ICS+LABA+LAMA 9(8.3) 3(6.5) 4(8.3) 0.923

Note: aCompared to non-EOS group, P=0.04<0.05.

Table 2 Mortality and Readmission Rates in Each Group

Non-EOS Group (n=108) Fluctuating Group (n=46) EOS Group (n=48) P-value

Death, (n,%) 25 (23.1) 5 (10.8) 4a (8.3) 0.035

Readmission, (n,%) 38(35.2)b 26(56.5) 15(31.3)c 0.037

Notes: aCompared to the non-EOS group, P =0.02 (RR:2.387 95% CI 1.1–5.18); COX regression analysis: compared to non-EOS group, adjusted HR 
=0.323, 95% CI 0.113–0.930, P =0.036; bCompared to the fluctuating group, P =0.032; COX regression analysis: compared to the fluctuating group, 
adjusted HR=0.575, 95% CI 0.347–0.954, P =0.032; cCompared to the fluctuating group, P =0.021; COX regression analysis: compared to the 
fluctuating group, adjusted HR =0.486, 95% CI 0.256–0.923, P =0.027.
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Discussion
Unlike some previous studies on patients with stable COPD, our study was conducted on patients hospitalized repeatedly 
for AECOPD for 1 year. Moreover, we not only performed a prognostic analysis of the EOS and non-EOS groups but 
also included the fluctuating group in our discussion. We had two main findings when using a blood EOS count of 150 
cells/ul as the cut-off value. First, among patients hospitalized with AECOPD, the stability of blood EOS at 1 year was 
77.2%, which was moderately stable. Secondly, the risk of death was lower in the EOS group and the risk of readmission 
was higher in the fluctuating group.

Prediction of COPD prognosis by a single blood EOS count seems to be less reliable due to the vulnerability of blood 
ESO to multiple factors. Therefore, further studies on the stability of blood EOS over time are needed. Oshagbemi et al 
followed up stable COPD patients for 1 year with a cut-off value of 340 cells/ul and showed an EOS stability of 75%.11 

Citgez et al analyzed the EOS of patients hospitalized for AECOPD on two occasions before and after, based on cut-off 
values of 200/ul, 300/ul, 2%, and 3%, respectively, and showed overall stability of EOS of 70–85%.12 We chose a cut-off 
value of 150 cells/ul because studies have shown that this value is more useful for assessing the stability of blood EOS 
and also for differentiating patients prone to deterioration.13,14 Our results showed that the stability of blood EOS was 
77.2%, suggesting that the stability of blood EOS in patients hospitalized with AECOPD was relatively stable over 
1 year.

Regardless of the longitudinal level of eosinophils, there were no significant differences in patients’ mMRC 
classification, history of acute exacerbations in the previous year, duration of disease, or history of inhaled drugs. In 
terms of comorbidities, the proportion of patients with combined cardiovascular and cerebrovascular disease and 
congestive heart failure was similar in all groups. However, the number of patients with comorbid type 2 diabetes 
mellitus was significantly higher in the EOS group compared to the non-EOS group. This result is similar to a study from 
2017, which found that the EOS group had more patients with comorbid diabetes than the non-EOS group, using a cut- 
off value of 150 cells/ul, through a retrospective collection of clinical data from 7245 patients with AECOPD.15 

However, we are unable to explain this phenomenon for the time being.
During the 6-month follow-up period after discharge, 34 patients died. In the Cox regression model, the risk of death 

was significantly lower in the EOS group than in the non-EOS group, and the association analysis remained significant 
even after adjusting for age, a factor that may affect mortality outcome. This result is consistent with the findings of 
several studies using patients with stable COPD.8,16 Our findings for patients with AECOPD are more favorable for 
practical clinical use than studies from stable patients. This is because blood EOS data from patients hospitalized with 
AECOPD are more accessible and do not require patients to specifically visit the clinic in the stable phase to complete an 
EOS examination. Previous studies have also been conducted with patients hospitalized with AECOPD. Zhang et al 
selected patients hospitalized with AECOPD at least three times in five years for their study.17 Although the time span 
over which they obtained blood EOS was different from ours, it was also concluded that patients with elevated EOS had 
a low risk of all-cause mortality. When assessing the relationship between EOS and readmission risk, the results showed 
no significant difference in readmission risk between the EOS and non-EOS groups. In previous studies, some studies 
showed no significant difference in the risk of reoccurrence of acute exacerbation between the EOS and non-EOS 
groups,17–19 and some studies showed a high risk of reoccurrence of acute exacerbation in patients with high EOS.15,20,21 

However, when we included the fluctuating group for analysis, we found that the risk of readmission was significantly 
higher in the fluctuating group than in the EOS and non-EOS groups. Also, the association analysis remained significant 
after adjusting for age, and history of acute exacerbation in the previous year in the Cox regression model. As our study 
was a single-center study, it is expected that this result will be validated in further multicenter studies.

Our study also has some limitations. Firstly, our study is observational, and some confounding factors such as 
pulmonary function examinations were not analyzed (some patients were unable to complete the examinations during the 
study period due to medical and other reasons, resulting in incomplete data), which may affect the study results to some 
extent. Secondly, this is a single-center study and some results may need to be further confirmed in a multicenter study.

The relatively stable blood EOS in patients with AECOPD and its correlation with prognosis may provide direction 
for individualized management of patients.
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Summary
Blood EOS appears to correlate with COPD prognosis. However, the stability of blood EOS is controversial due to its 
vulnerability to many factors. In addition, the results of studies related to the relationship between the stability of blood 
EOS and the prognosis of COPD patients are divergent due to the different threshold values used in different domestic 
and international studies and the different types of patients included and further studies are needed.

The blood EOS of AECOPD patients is relatively stable over 1 year. Patients with consistently high blood EOS had 
a lower risk of all-cause mortality after discharge; patients with fluctuating blood EOS had a higher risk of readmission.
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